. Some of the relationships between cellular and blood pressure parameters were confounded by serum triglycerides. These observations indicate a gender effect on cellular Ca 2ϩ -Na ϩ regulation and its relationship with blood pressure. (Hypertension. 1998;32:869-874.)
C ytosolic Na
ϩ ([Na ϩ ] c ) plays a central role in controlling the cellular Ca 2ϩ load in a number of cell types. The reason for this is that in these cells Na ϩ -Ca 2ϩ exchanger (NCE) is a major transport pathway responsible for the extrusion of cellular Ca 2ϩ against a steep electrochemical gradient (reviewed in Reference 1) . A number of intracellular and extracellular factors have been found to modify the protein expression and activity of the cardiac NCE, 2,3 the most common exchanger among the 3 known NCEs (ie, cardiac, retinal, and brain NCEs). 1, 4 However, in the final analysis, [Na ϩ ] c is a pivotal determinant of NCE activity. The relationship between [Na ϩ ] c and cytosolic free Ca 2ϩ ([Ca 2ϩ ] c ) is hence important for understanding altered regulation of cellular Ca 2ϩ in essential hypertension, particularly because a major hypothesis proposes that in essential hypertension, reduced Na ϩ -pump activity results in a rise in [Na ϩ ] c , inhibition of the NCE, and an increase in the cellular Ca 2ϩ load. 5, 6 To explore this hypothesis, many studies examined the levels of [Ca 2ϩ ] c and [Na ϩ ] c in circulating cells from humans. Platelets have been the focus of most investigations examining the relationships between [Ca 2ϩ ] c and blood pressure (eg, References 7 to 13), whereas erythrocytes and to a lesser extent lymphocytes have been the main targets of studying the relationship between blood pressure and [Na ϩ ] c (reviewed in References 14 to 16). In a number of studies lymphocytes were also used to study [Ca 2ϩ ] c regulation in relation to blood pressure. [17] [18] [19] [20] Most of the studies in erythrocytes and lymphocytes have 
Methods

Subjects
We studied 68 whites and blacks (equally divided by race and gender). They were apparently healthy and on no medications (including analgesics, oral contraceptives, and hormonal supplements). None of the blacks had sickle cell trait. After an overnight fast (that is, no food and liquids other than water after dinner the night before the study), each subject arrived at the facilities of the Hypertension Research Center between 8 and 9 AM. Heights and weights were recorded, and the subjects rested in a sitting position for a period of 15 to 20 minutes, during which information was obtained regarding health status and family history of essential hypertension and non-insulin-dependent diabetes mellitus. Blood pressure measurements were then taken with a mercury sphygmomanometer with the subjects in a sitting position. The average of 3 blood pressure measurements, taken at 2-minute intervals, was used. Diastolic blood pressure was determined as the fifth Korotkoff sound. After blood pressure measurements were recorded, 50 mL venous blood was collected into acid dextrose buffer (20:1, vol/vol) of the following composition (in mmol/L): Na ϩ citrate 14, citric acid 1.8, dextrose 18 (pH 6.5). An additional 10 mL of blood was obtained for blood chemistries. All subjects signed informed consents approved by the institutional review board.
Lymphocyte Preparation
Peripheral lymphocytes were isolated by density-gradient centrifugation as described. 17 
Store-Operated Ca 2؉ Entry
Thapsigargin (1 mol/L) was added during the last 10 minutes of incubation with fura-2 AM in Ca 2ϩ -free HBS. Cells were rapidly centrifuged and resuspended in Ca 2ϩ -free HBS. Ca 2ϩ (0.5 mmol/L final concentration) was rapidly added to the medium, and the Ca 2ϩ signal was monitored for 45 seconds.
Other Measurements
Levels of total serum cholesterol, HDL cholesterol, triglycerides, glucose, and creatinine were measured in a Kodak Ectachem DT 60 analyzer.
Data Analysis
The relationships among sodium and calcium parameters and physiological measurements were analyzed by simple linear correlation and regression, partial correlation, and multiple regression. The effects of gender and race were analyzed by ANOVA. All calculations were performed with SAS statistical software (SAS Institute, Inc). The criterion for statistical significance was PϽ0.05. Table 1 presents the general characteristics of the subjects: women were older than men, and the body mass index was greater in blacks than in whites. HDL levels were higher in women than in men and in whites than in blacks. In addition, serum creatinine was higher in men than in women, reflecting the greater muscle mass in men. Table 2 shows correlations among parameters for all subjects combined and separately for men and women. No differences in correlations were observed between blacks and whites. NCE activity was strongly correlated with the resting [Ca 2ϩ ] c among both men and women (for all subjects, rϭ0. 43 (Figure 1 ). The activities of SOCE and NCE were highly correlated among men (rϭ0.63, Pϭ0.0001) (Figure 2) . However, the correlation among women was minimal (rϭ0.10, Pϭ0.58), and the difference between correlation coefficients between men and women was statistically significant. (Figure 3 ). Although these findings suggest stronger relationships between [Na ϩ ] c and systolic/diastolic blood pressure in men than in women, the gender-related differences in correlation coefficients were not statistically significant (Pϭ0. 13 ] c rises, adaptive mechanisms are initiated to enhance Ca 2ϩ extrusion through the NCE. This is probably mediated by the upregulation of NCE expression, since in the present investigation we examined the activity of NCE (in a reverse mode) at high (1 mmol/L) Ca 2ϩ concentration, reflecting the maximal reaction velocity of the exchanger. Such a concept awaits proof by direct quantification of NCE protein.
Results
Until recently it has been difficult to show the presence of NCE activity in human lymphocytes. 27 Perhaps one reason for this difficulty relates to the substantial capacity of the sarco(endo)plasmic reticulum Ca 2ϩ -ATPase to sequester Ca 2ϩ into the sarco(endo)plasmic reticulum. 28 Thus, an acute increase in the cellular Ca 2ϩ load might result in a substantial Ca 2ϩ sequestration in the sarco(endo)plasmic reticulum with little effect on the level of the resting [Ca 2ϩ ] c . However, in human lymphocytes 45 Ca 2ϩ fluxes, and [Ca 2ϩ ] c after inhibition of the sarco(endo)plasmic reticulum Ca 2ϩ -ATPase, are greatly modified by removal of external Na ϩ and by treatment with ouabain (reviewed in Reference 23). These findings support the presence of NCE in these cells.
Oshima et al 20, 29 have demonstrated a strong correlation between [Na ϩ ] c (measured by flame photometry) and [Ca 2ϩ ] c in lymphocytes from hypertensive and normotensive subjects. Although these investigators showed higher levels of lymphocyte [Ca 2ϩ ] c and [Na ϩ ] c in patients with essential hypertension than in normotensive controls, they did not find correlations for the levels of these ions with blood pressure when blood pressure was evaluated as a continuously distributed variable. 19, 20, 29 The present study and our previous work 17 have confirmed the lack of correlation between the resting [Ca 2ϩ ] c in lymphocytes and blood pressure. However, we did show a strong correlation between the [Na ϩ ] c in lymphocytes and blood pressure in men but not in women. One possible explanation is that in the present work the use of SBFI facilitated a more sensitive measurement of [Na ϩ ] c and uncovered the relationship between this cellular parameter and blood pressure. It is possible that variation in Na ϩ intake (a parameter not evaluated in this work) accounts for some variation in lymphocyte Na ϩ and Ca 2ϩ regulation. Nonetheless, the relationship among the cellular parameters and between lymphocyte Na ϩ and blood pressure should hold irrespective of variation in Na ϩ intake. It is noteworthy that gender, presumably through the effects of ovarian steroid hormones, plays a role in modifying the relationship between blood pressure and a number of molecular, cellular, and systemic modalities, including polymorphism in the angiotensinogen locus, 30 and the activities of Na ϩ -Li ϩ exchange in erythrocytes 31, 32 and Na ϩ -H ϩ exchange in platelets. 33 In addition, gender modifies the expression of non-modulation 34 and urinary excretion of cortisol. 35 These phenotypes reflect variables involved in Na ϩ regulation at the cellular and systemic levels. Their dependency on gender is therefore in accordance with our findings that the relationship between lymphocyte [Na ϩ ] c and blood pressure is stronger for men than for women. The gender-dependent effect was shown in our investigations not only for the relationship between SOCE and the NCE but perhaps also for the relationship between [ 7, 8, 12 Other studies, including a number of studies by our group, have found no statistical correlations between the resting [Ca 2ϩ ] c in platelets and blood pressure when the blood pressure was evaluated as a continuously distributed variable. 9, 10, 25, 36 In our more recent work in platelets, we found that although the resting [Ca 2ϩ ] c was not correlated with blood pressure, the freely exchangeable Ca 2ϩ in the sarco(endo)plasmic reticulum (dense tubules) of platelets was strongly correlated with blood pressure, but only in men 25 and not in women. 37 These observations further underscore the role of gender in shaping cellular Ca 2ϩ and Na ϩ regulation. We previously reported, 25 as in the present work, that serum triglycerides correlated with Ca 2ϩ parameters in circulating cells. This conclusion is not confined to our studies on the relationship between cellular ion regulation and blood pressure. For instance, other groups have repeatedly shown that serum triglycerides correlated with the activity of the Na ϩ -Li ϩ exchange in erythrocytes and therefore modified the relationship between this transport system and blood pressure. [38] [39] [40] [41] [42] Our findings are relevant in that they clearly show that triglycerides do not modify the interrelationships between the various cellular Ca 2ϩ (and Na ϩ ) parameters but the relationships between these parameters and blood pressure. In this regard, the variation in lymphocyte parameters might not be causally related to variation in triglycerides. Rather, both might be pleiotropic expressions of variant genes.
In conclusion, we report here that [Na ϩ ] c in peripheral lymphocytes of a heterogeneous human population positively correlates with resting [Ca 2ϩ ] c and that [Na ϩ ] c strongly correlates with blood pressure, particularly in men. Fluctuating levels of ovarian steroid hormones in premenopausal women might account for the sexual dimorphism in the expression of hypertension 43 and for the effect of gender on the relationship among cellular variables of Ca 2ϩ and Na ϩ regulation and on the relationship between [Na ϩ ] c and blood pressure in humans.
